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ABSTRACT 
 

Some of the currently available encapsulation systems, including liposomes, nanoliposomes, and solid lipid 

nanoparticles, have already been approved to be used in the pharmaceutical, food, textile, and cosmetic 

markets. These systems have proven to be useful for the encapsulation, controlled release, targeting drugs, 

vaccines (including Covid-19 vaccines), and other bioactive compounds in vitro and in vivo. The most 

recently invented encapsulation system, known as "tocosome", is formulated employing two derivatives of 

alpha-tocopherol (vitamin E). Although tocosomes are somehow similar to lipid vesicles, they possess 

exceptional characteristics mainly due to the presence of unique ingredients in their structures. There have 

been ambiguities in the scientific literature regarding the differences between tocosomes, liposomes, and 

nanoliposomes. The present article aims to provide brief scientific explanations in a clear way to highlight 

differences between the mentioned drug carriers.   
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Dear editor,  

Efficient delivery of therapeutic agents via different 

routes of drug administration requires biodegradable, 

non-toxic, adequately stable and targetable 

encapsulation systems [1, 2]. Among the food and drug 

administration (FDA)-approved drug delivery systems, 

liposomes, and their nanometric version 

(nanoliposomes) are leading the pharmaceutical market 

[3-5]. Presented to the scientific community in 1960's, 

liposomes and nanoliposomes are considered to be the 

most established and well-studied drug carrier 

technologies [6]. On the other hand, tocosome, a novel 

vesicular system for drug encapsulation and targeting, 

was first introduced in the year 2017 by Mozafari et al. 

[7]. This team manufactured a tocosomal formulation 

for the encapsulation and controlled release of an 

anticancer drug, i.e., 5-fluorouracil (5-FU). The 

tocosomal formulation showed long-term stability and 

ideal drug release properties.  

One of the main characteristics of tocosomes is their 

ingredient molecules, which make them unique and 

distinguished from other drug carrier systems [8]. 

These ingredients are two phosphorylated forms of 

vitamin E derivatives, α-tocopheryl phosphate (TP) 

and di-α-tocopheryl phosphate (T2P) (Figure 1). 

Tocosomes are mainly spherical, closed, continuous 

bilayer vesicles composed of one or multiple bilayer 

membranes (in which case they are classified as a 

unilamellar vesicle or multilamellar vesicle 

respectably). Presence of TP and T2P molecules 

differentiates tocosomes from other drug carrier 

systems such as liposomes, nanoliposomes, solid lipid 

nanoparticles (SLN), and vesicular phospholipid gels 

[9]. These two ingredients have several proven health-

benefit properties such as atherosclerosis-preventive, 

as well as anti-inflammatory and cardioprotective 

effects and they are extremely strong antioxidants [10]. 

There are ambiguities regarding the classification of 

TP and T2P molecules and in some articles, they are 

referred to as phospholipids inaccurately. It should be 

noted that, in their chemical structures, both TP and 

T2P molecules lack glycerol linker and fatty acid tails 
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which are crucial components of a phospholipid 

molecule. These tocopherol derivatives include a 

chroman head (with two rings: one heterocyclic and 

one phenolic) and one or two phytyl tail(s). While TP 

molecule has only one tail (similar to a surfactant 

molecule), T2P molecule possesses two phytyl tails. 

However, phospholipid molecules possess two fatty 

acid tails with or without double bonds. The only 

similarity between TP, T2P, and phospholipids is the 

presence of a phosphate group in their structure. 

Consequently, they possess amphiphilic properties and 

can form stable bilayer vesicles that can encapsulate 

hydrophilic, hydrophobic and amphiphilic compounds 

[11].  

 

 

 
Fig. 1. Chemical structures of α-tocopheryl phosphate (TP), di-α-tocopheryl phosphate (T2P), and a phospholipid molecule 

(adopted and modified from [11]). 

 

Different procedures can be used for the manufacture 

of tocosomes in small or large scales. These include 

conventional techniques (e.g., thin-layer hydration, 

ethanol injection, homogenization, microfluidization, 

sonication, and freeze-dry methods) or novel and 

patented techniques such as Mozafari method, which is 

a green and scalable method [12, 13]. In a recent 

publication, Razmimanesh and colleagues used 

Mozafari method for the preparation of nanocarriers 

that they erroneously called "tocosome" [14]. The 

article describes the manufacture of the nanocarriers 

"without employing T2P molecules". This is while T2P 

is an essential ingredient of tocosomal drug carriers 

due to the presence of which tocosome has its own 

stability and skin-penetration properties different than 

other vesicular drug carriers. This fundamental 

ingredient is not mentioned in the article at all and in 

the methods section, authors describe the preparation 

of the nanocarriers using TP, cholesterol, polyethylene 

glycol (PEG), different types of phospholipids (e.g., 

phosphatidylcholine (PC), distearoyl 

phosphatidylcholine (DSPC), and 1,2-

Distearoylphosphatidylethanolamine (DSPE)), and 

stearylamine (SA) [14]. It is obvious that the 

formulated nanocarriers are nanoliposomes with added 

TP as an antioxidant (stabilizing agent) and not 

tocosomes, which strictly require the presence of both 

TP and T2P molecules, as main ingredients, in their 

bilayer structures. It is hoped that the present article 

was able to shed light on the differences between 

tocosomes, liposomes, and nanoliposomes. It should be 

seriously noted that each of these drug carrier 

technologies is designed and used for different 

applications based on its properties.  

 

Study Highlights 

 Tocosome is a novel drug delivery system which can 

be used for the encapsulation of different bioactive 

compounds. 

 The main ingredients of tocosome are alpha-

tocopheryl phosphate (TP) and di-alpha-tocopheryl 

phosphate (T2P). 

 Different procedures, such as Mozafari method, can 

be used for the manufacture of tocosomes in small or 

large scales. 

 The mentioned method does not require utilization of 

toxic solvents, detergents or harsh procedures for the 

manufacture of carrier systems. 
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 The tocosomal formulation prepared using Mozafari 

method showed long-term stability and ideal drug 

release properties. 

 

Abbreviations 

5-FU: 5-fluorouracil  

DSPC: Distearoylphosphatidylcholine  

DSPE: 1,2-Distearoylphosphatidylethanolamine  

FDA: Food and drug administration  

PC: Phosphatidylcholine  

PEG: Polyethylene glycol  

SA: Stearylamine  

SLN: Solid lipid nanoparticles  

T2P: di-α-tocopheryl phosphate  

TP: α-tocopheryl phosphate 
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